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Increasing epidemiological studies suggest that al-
ohol consumption confers a high risk for develop-
ent of breast cancer. In this study, we found that

iologically relevant concentrations of alcohol elicited
significant stimulation of cell adhesion, migration,

nd invasion in MCF-7 human breast cancer cells.
oreover, the promotion of invasion and migration

otential by alcohol was associated with the signifi-
ant decrease of E-cadherin, a, b, and g three major
atenin, and BRCA1 expression. In addition, an en-
anced expression of BRCA1 significantly blocked
lcohol-stimulated cell invasion. Thus, our present
tudy suggests that alcohol as a breast cancer risk
actor plays an important role not only in carcinogen-
sis, but also in promotion of cell invasion and
igration. © 2000 Academic Press

Epidemiological studies have documented a close re-
ationship between alcohol consumption and breast
ancer rates in women (reviewed in 1–3). In a pooled
nalysis of six prospective cohort studies that exam-
ned dietary factors in breast cancer, increasing alcohol
ntake linearly correlated with the breast cancer risk
4). Alcohol consumption is one of the defined environ-
ental risk factors for breast cancer, although the
echanism of alcohol-induced carcinogenesis needs to

e understood (5, 6).
Breast cancer is the most common cancer in women.
lthough majority of the early-stage breast cancers are
ot life threatening, a small amount of primary cancer
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ives rise to a devastating and largely incurable dis-
ase and is mayor cause of the death. It have been
nown that the invasive behavior of primary breast
umor cells and their potential to metastasize to the
ther organs are complex biological processes that be-
ins with the detachment of cancer cells from the orig-
nal tumor mass, the attachment to extracellular ma-
rix binding sites, the degradation of the matrixes, and
he invasion into the adjacent tissue and the surround-
ng blood and lymphatic vessels. A small proportion of
hese detached breast cancer cells stops in distant or-
ans by the attachment to the basement membrane of
hese organs, by the secretion of enzymes that cause a
egradation of this membrane barrier, and by the mi-
ration of primary cancer cells into the target tissue,
nd finally forms secondary breast cancer (metastasis
f breast cancer). In this study, we examined the effect
f alcohol on the migration and invasion behaviors of
reast cancer cells.

ATERIALS AND METHODS

Cell culture and BRCA1 plasmid. MCF-7 human breast cancer
ell lines were purchased from the American Type Culture Collection
ATCC, Rockville, MD) and maintained as monolayer cultures in
-MEM supplemented with 10% fetal calf serum, 2 mM glutamine,
00 mg/ml streptomycin and 100 unit/ml penicillin G (BioWhittaker,
alkersville, MD). Before each experiment, subconfluent monolay-

rs of MCF-7 cells were resuspended in D-MEM and passed repeat-
dly through a 25-gauge needle to produce a single cell suspension.
ell number and viability were determined by staining a small
olume of cell suspension with 0.4% trypan blue saline solution and
xamining the cells using a hemocytometer. Full-length BRCA1
DNA was encoded in a pcDNA3 expression plasmid as described
reviously (7).

MTT survival assay. Cytotoxicity of alcohol was measured by a
TT survival assay as described previously (7). MTT assay is a

ommonly used method in evaluation of cell survival, based on the
bility of viable cells to convert MTT, a soluble tetrazolium salt
3-(4,5-dimethylthuazole-2-yl)-2,5 diphenyl tetrazolium bromide],
nto an insoluble formazan precipitate, which is quantitated by spec-



trophotometry following solubilization in dimethyl sulfoxide
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DMSO). Briefly, MCF-7 cells untreated and treated with alcohol in
6-well tissue culture dishes were incubated with MTT (2 mg/ml) for
h. The cells were then solubilized in 125 ml of DMSO and absor-

ance readings were taken using a Dynatech 96-well spectrophotom-
ter. The amount of MTT dye reduction was calculated based on the
ifference between absorbance at 570 and 630 nm. The cell viability
n treated cells was expressed as the amount of dye reduction rela-
ive to that of untreated control cells. The wells which contained only
edium and 10 ml of MTT were used as blanks for the plate reader.
our sets of experiments were performed in 10 wells for each treat-
ent. MTT was purchased from Sigma Chemical Co. (St. Louis, MO)

nd prepared in sterile deionized water and stored at 4°C prior
o use.

Cell adhesion assay. The 24-well tissue culture dishes were
oated with 25 mg/well Matrigel basement membrane extract (Col-
aborative Biomedical Products, Bedford, MA) and left to air-dry. The
oncentration of Matrigel used in the experiments was determined in

previous study in which we varied the amount of reconstituted
asement membrane placed on the dishes (data not shown). Aliquots
3 3 105 cells/ml) of the cell suspension containing 80 mM alcohol
ere seeded into the Matrigel-coated wells and incubated for 10, 30,
0, 90, 120, or 150 min at 37°C in 5% CO2. At the end of these
eriods, the cells were washed gently three times with PBS to re-
ove the unattached cells, and the attached cells were then har-

ested. Both unattached and unattached cells were counted. Exper-
ments were independently performed at least three times.

Invasion assay. Invasion assay was carried out using a modified
oyden chamber assay as described previously (8). Briefly, the sur-

aces of filter (0.8 mm pore size) were coated with a uniform thickness
f 25 mg Matrigel for 60 min at room temperature. Uniformity of the
oating was checked by Coomassie blue staining and low-power
icroscopic observation. The lower chamber was filled with 10%

erum medium. Fibronectin (16 mg/chamber) as the chemoattractant
as added to the lower chamber. Cells (1 3 105 cells/ml) resuspended

n the medium containing 40 or 80 mM alcohol were carefully trans-
erred onto the upper surface of filters in the chamber. After 24 h
ncubation, the filter was gently removed from the chamber, the cells
n the upper surface were removed by wiping with a cotton swab,
nd the cells that invaded the Matrigel and attached to the lower
urface of the filter were fixed, stained with H & E, and counted in 15
andomly selected microscopic fields (3400) per filter. Experiments
ere performed independently at least three times.

Cell migration assay. MCF-7 cell motility was assessed using a
cratch wound assay (9). The cells (2.5 3 105 cells) were seeded into
ix-well tissue culture dishes and cultured in medium containing
0% FCS to confluent cell monolayers, which were then carefully
ounded using sterile pipette tips and any cellular debris was re-
oved by washing with PBS. Fibronectin (16 mg/ml) was added to

he culture. The wounded monolayers were then incubated in 10%
CS D-MEM containing 40 or 80 mM alcohol for 24 h and photo-
raphed under a phase contrast microscope. The experiments were
epeated in quadruplicate wells at least three times (3200).

Protein analysis. Expression of BRCA1, E-cadherin, and a-, b-,
nd g-catenin protein was assayed using a Western blot assay as
escribed previously (7). Untreated and treated cells were lysed in a
BS buffer containing 1% Nonidet P-40, 10 mg/ml leupeptin, 10
g/ml aprotinin, 2 mM 4-(2-aminoethyl)-benzene-sulfonyl fluoride,
0 mM sodium fluoride, 1 mM sodium o-orthovanadate, and 5 mM
odium pyrophosphate. Fifty micrograms of total protein lysates was
lectrophoresed on 6 or 10% SDS–polyacrylamide gels and trans-
erred to membranes by electroblotting. The membranes were incu-
ated with a recommended dilution of primary antibodies against
RCA1 (C-20, Santa Cruz, Hercules, CA), E-cadherin, a, b, and
-catenin (Transduction Laboratories, Lexington, KY), and then in-
ubated with secondary antibodies after being extensively washed.
449
ntibody reaction was revealed using an enhanced chemilumines-
ence detection system (Amersham Life Science, Arlington Heights,
L) as instructed by the manufacturer. Equal protein loading and the
rotein transfer were confirmed by immunoblotting for determina-
ion of a-Actin using polyclonal a-actin antibody (I-19, Santa Cruz) in
he same Western blots. A colored marker (Bio-Rad Laboratories,
ercules, CA) was used as a molecular size standard.

ESULTS AND DISCUSSION

To determine the cytotoxicity of alcohol in MCF-7
uman breast cancer cells, exponentially growing cells
ere exposed to various concentrations of alcohol for 24
and then subjected to the MTT assay as described

nder Materials and Methods. As shown Fig. 1, alcohol
xhibited a dose-dependent cytotoxicity in MCF-7 cells.
C50, defined as the alcohol concentration results in
0% loss of cell viability relative to untreated cells, was
pproximately 760 mM. However, no any cytotoxicity
f alcohol was observed below 100 mM. Thus, 40 and 80
M concentrations were chosen to perform further

tudy.
Tumor metastasis comprises of multiple steps and

hus tumor cells are required to express a variety of
roperties including altered adhesiveness, increased
otility and invasive capacity to complete the meta-

tatic process. Adhesion to the basement membrane is
he first step in the metastasis cascade. To examine the
ffect of alcohol on cell adhesion, human breast cancer
CF-7 cells were plated to the six-well tissue culture

ishes coated with Matrigel. A significantly increased
dhesion of MCF-7 cells to the Matrigel was observed
n the medium containing 80 mM alcohol compared to
he medium containing no alcohol (Fig. 2a). For exam-
le, at 60 min following plating of cells, only 65% cells
ttached on the plates in the absence of alcohol,
hereas approximately 95% cells attached in the pres-

FIG. 1. Cytotoxicity of alcohol in MCF-7 human breast cancer
ells. Exponentially growing cells in 96-well tissue culture dishes
ere exposed to alcohol in serum-free medium for 24 h and assayed

or cell viability by the MTT dye conversion assay. Values are mean
anges of the average cell viability for three independent experi-
ents.
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nce of alcohol (P , 0.05, Student’s t test). These
esults indicate that alcohol promotes cell adhesion to
he Matrigel.

A critical event in tumor invasion and metastasis is
he ability of tumor cells to invade through the extra-
ellular matrix, allowing tumor cells to move beyond
he confines of the primary tumor environment. To
xamine the effect of alcohol on cell invasion, a modi-
ed Boyden chamber assay was carried out to deter-
ine the ability of MCF-7 cells to invade through bio-

ogical matrices in vitro. As shown in Fig. 2b, when 40
r 80 mM alcohol was present in the upper chamber,
he cells to invade through the filter coated with Ma-
rigel was increased by approximately 23% and 52%
ompared to the untreated control, respectively.

To examine whether the alcohol inhibition of cell
nvasion was associated with its suppression on cell

otility, the effect of alcohol on the migration capabil-
ty of MCF-7 cells was also analyzed using a scratch
ound assay. Confluent monolayers of MCF-7 cells
ere scratch wounded with sterile pipette tips and

FIG. 2. Alcohol promotes adhesion, invasiveness and migration
3 3 105) suspended in D-MEM containing 80 mM alcohol were plated
ently removed and attached cells were counted at the indicated
ndependent experiments. (b) Invasion assay. Subconfluent growing

edium containing alcohol (40 or 80 mM) and transferred into t
ells/chamber). Fibronectin (16 mg/chamber) as a chemoattracter w
ttached to the lower surface of the filter coated with Matrigel (25
3200) per filter. Data are expressed as the percentage of the contro
ells cultured in six-well dishes were carefully wounded using steri
ithout alcohol (40 or 80 mM). At 24 h after wounded, the cells wer
450
ost-incubated for a further 24 h in the absence and the
resence of alcohol (40 or 80 mM). Cell flattening and
preading along the edges of the wound was signifi-
antly enhanced in the presence of alcohol compared to
he untreated control (Fig. 2c). Similar stimulation of
ell invasion and migration was also observed in an-
ther human breast cancer cell line, T-47D (data not
hown). Taken together, these results indicate that
iologically relevant concentrations of alcohol signifi-
antly promoted the cell adhesion, invasion and migra-
ion in human breast cancer cells.

To ascertain whether the stimulation of in vitro ad-
esion, invasiveness and migration by alcohol was ac-
ompanied by any changes in E-cadherin/catenin cell-
ell adhesion molecules, we also analyzed the protein
xpression of E-cadherin and three major (a, b and g)
atenins by a Western blot assay. As illustrated in Fig.
a, 24-h treatment of alcohol caused a dose-dependent
ecrease in E-cadherin protein expression. Also, a
ownregulated expression of a, b, and g-catenin pro-
ein occurred in parallel with the decrease of

uman breast cancer MCF-7 cells. (a) Adhesion assay. MCF-7 cells
each well of 24-well Matrigel (50 mg)-coated plates, the medium was
e following plated. Data are expressed as mean 6 SE of three

F-7 cells were trypsinized and counted, resuspended in 2.5% serum
upper compartment of the modified Boyden chambers (1 3 105

added to the lower compartment. At 24 h later, invaded cells that
/chamber) were counted in 15 randomly selected microscopic fields
sponse (mean 6 SE). (c) Wound migration assay. Confluent MCF-7

pipette tips (T 5 0 h) and then recultured in the medium with or
hotographed under a phase contrast microscope.
in h
in
tim
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-cadherin following alcohol treatment. The bands of
hese proteins were quantitated by densitometry and
resented as the percentage of untreated control in
ig. 2b. E-cadherin is a transmembrane glycoprotein
esponsible for the maintenance of cell adhesion and
issue integrity by complex with three major cytoplas-
ic catenins (a, b and g) (10). E-cadherin/catenin com-

lexes have been identified as key players in the pro-
ression of a variety of human carcinoma cells,
ncluding breast cancer, and the acquisition of an in-
asive phenotype (11, 12). Moreover, one of these
-cadherin/catenin proteins was downregulated, the

unction of the others in suppressing metastasis is also
ltered (13). Disruption of the E-cadherin/catenin com-
lex, primarily due to loss or decreased expression of
-cadherin, is correlated with the progression of breast

ancer by increasing proliferation, invasion and dis-

FIG. 3. Alcohol downregulates expression of E-cadherin, a-, b-, an
are treated with alcohol at the indicated doses for 24 h and harves

otal protein (50 mg per lane) were analyzed on 6 or 12% SDS–polya
RCA1 and a-actin (as a control for protein loading and transfer)
ensitometry and expressed relative to the a-actin bands.
451
ant metastasis (14–17). Restoration of E-cadherin
unction was able to dramatically suppress invasive
henotype (18). Additionally, it was also found that
any agents, like tamoxifen (18), melatonin (19), and

ndole-3-carbinol (20), exhibited their anti-invasion
nd migration capabilities in breast cancer by increas-
ng the expression of E-cadherin/catenin complexes.
lthough a defective E-cadherin/catenin complex may
ot be the sole factor that determines the invasive
henotype of breast cancer cells, it is proposed, based
n our present observations, that the down-regulation
f E-cadherin/catenin complexes is an important mech-
nism for the enhancement of invasion and migration
n breast cancer cells exposed to alcohol.

Mutations of breast cancer susceptibility gene 1
BRCA1) confer a high risk for breast cancer (21, 22).
ncreasing evidence indicates that invasive breast can-

-catenin and BRCA1 protein. (a) Subconfluent growing MCF-7 cells
for Western blotting as described previously (7). Equal aliquots of

lamide gels and blotted to detect E-cadherin, a-, b-, and g-catenin,
tein expression. (b) Protein bands in panel a were quantitated by
d g
ted
cry
pro
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ers show a decreased BRCA1 mRNA expression and a
oss of BRCA1 immunochemical staining compared to
on-invasive cancers and benign tissues (23–29). A
ecent animal study also found that loss of BRCA1
xpression is correlated with an increased likelihood of
istant metastasis (30). In addition, our recent studies
howed that indole-3-carbinol, a phytochemical chemo-
revention compound, causes an induction of BRCA1
ene expression in the suppression of breast cancer
nvasion and metastasis (20). These findings suggest a
otential role for BRCA1 in the mediation of breast
ancer invasion and metastasis. In the present study,
e found that alcohol down-regulated the expression of

he BRCA1 protein in a dose-dependent manner (Fig.
). Moreover, an increased expression of BRCA1, by
ransient transfection with pcDNA3 vector encoding
ild-type full–length BRCA1 cDNA, significantly abol-

shed the promotion of MCF-7 cell invasion due to
lcohol treatment, approximately 72 and 82% reduc-
ion at 40 and 80 mM, respectively (Fig. 4). The control
cDNA3 vector did not give rise to any effects on the
lcohol capability in stimulating the invasion of MCF-7
ells. These results indicate that BRCA1 is an impor-
ant mediator in the promotion of breast cancer cell
nvasion and migration by alcohol.

In summary, we provided in vitro evidences for first
ime that alcohol at biologically relevant concentra-
ions promotes the breast cancer cell adhesion, migra-
ion and invasion through modulating E-cadherin, a, b,
-catenin and BRCA1 expression. Therefore, our

FIG. 4. Overexpression of BRCA1 decreases stimulation of cell
nvasion and migration by alcohol. Exponentially growing MCF-7
ells cultured on 100-mm tissue culture dishes were transfected
vernight with the pcDNA3 expression plasmid encoding full-length
RCA1 cDNA and the “empty” control pcDNA3 plasmid (as a con-

rol) with the help of a transfection reagent, lipofactin (Gibco-BRL,
aithersburg, MD) and then incubated for a further 24 h to maxi-
ize BRCA1 expression before the assay of cell invasion which was

erformed as described in Fig. 2b. Transfection efficiency was eval-
ated by determination of b-gal activity via co-transfection with
-gal vectors. Data are expressed as percentages of the control with-
ut transfection and alcohol treatment (means 6 SE) from two in-
ependent experiments.
452
reast cancer risk factor not only in carcinogenesis, but
lso in the promotion of breast cancer invasion and
etastasis.
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